A 51-year-old man with septic shock underwent three consecutive sessions of coupled plasma filtration-adsorption each lasting 12 hours. Sublingual microvascular perfusion was assessed using the orthogonal polarisation spectral imaging technique at three different times: immediate pre-coupled plasma filtration-adsorption phase, two hours following commencement and two hours after its termination. The video images of the sublingual microcirculation were analysed by an investigator blinded to the time of image acquisition. The De Backer's score was calculated. During the coupled plasma filtration-adsorption, the number of perfused vessels increased compared with the pre-coupled plasma filtration-adsorption period, but decreased again after its termination. It is arguable that the elimination of septic mediators during the procedure could account for the observed variations.
Severe sepsis and septic shock are associated with profound derangements of tissue perfusion, which may contribute to cellular dysoxia and ultimately multiple organ dysfunction syndrome (MODS) 1 .
As the disturbance of the microvascular blood flow cannot be directly assessed at the bedside, its occurrence, as well as the response to the treatment, is inferred from the alterations of some systemic biochemical markers of dysoxia, including the arterial blood lactate concentration, base excess and the oxygen saturation of the superior vena cava or of the pulmonary artery. In recent years, the development of the orthogonal polarization spectral (OPS) imaging technique has allowed for direct visualisation of the sublingual microvasculature by means of a beam of polarised light directed over the investigated area; the light is reflected backward and filtered, thus producing high-contrast images of the micro-vasculature. Since the vessels are not visible per se, they only become evident if filled by flowing intravascular red blood cells, thus allowing identification of variations in both number of vessels and degree of perfusion due to pathological states and/or in response to therapeutic interventions 2 . This technique appears particularly suitable to evaluate the blood flow in tissues covered by a thin layer ofepithelial lining such as the sub-lingual mucosa. Using the OPS, investigators have described profound disturbances of the microvascular pattern of the sublingual mucosa in patients affected by several disorders, including severe sepsis, septic shock, heart failure and cardiogenic shock [3] [4] [5] [6] . Some have suggested that microvascular derangements are less severe in survivors than in deceased patients 4 .
Coupled plasma filtration-adsorption (CPFA) is an extracorporeal therapy that uses plasma filtration associated with an adsorbent cartridge and haemofiltration to remove cytokines and inflammatory mediators associated with septic shock and severe sepsis. Anecdotal clinical evidence suggests that in septic patients with acute renal injury requiring renal replacement therapy, CPFA improves haemodynamics better than conventional continuous haemodiafiltration 7 .
Investigators have speculated that the attenuation of the inflammatory response during sepsis and septic shock, using CPFA, would restore endothelial function and reduce microvascular derangements.
Using OPS, we assessed the sublingual microvascular perfusion of a patient with septic shock and acute kidney injury prior to, during and following CPFA. 
CASE HISTORY
A 51-year-old man was admitted to our intensive care unit with severe sepsis caused by massive necrotising fasciitis involving the entire right upper limb. The patient was sedated, intubated and mechanically ventilated. Despite prompt surgical debridement and the administration of broadspectrum antibiotics, septic shock and multiple organ dysfunction ensued. Noradrenaline was started at the initial dose of 0.1 µg/kg/minute and reached a maximum dose of 0.4 µg/kg/minute on day two. On the same day, a zero balance CPFA was initiated, using a modular, three-pump extracorporeal blood purification system (Lynda ® , Bellco, Mirandola, Italy), consisting of a plasma filter associated with an unselective resin cartridge and a synthetic, high permeability haemofilter. Three consecutive procedures were performed, each lasting 12 hours. CPFA was performed using circuits and functional parameters as described by Ronco et al 7 .
Heparin was administered pre-filter and standardised at 5 IU/kg/hour. Subsequent adjustments were made according to coagulation parameters.
On the first session, the sublingual microvascular perfusion was assessed using an OPS system (Cytoscan ARII, Cytometrics, Philadelphia, PA, USA) with a 5× objective, allowing a 167× magnification. Three different timeframe windows were selected, corresponding to the immediate pre-CPFA phase, two hours after its start and two hours after its termination respectively. After the removal of saliva and other secretions, the OPS was applied 1.5 to 4 cm distally from the tip of the tongue. In each timeframe window, five different random areas were explored. Each assessment lasted 20 seconds. The sequences were recorded on a laptop and subsequently analysed by an investigator (MCV) blinded to the timeframe of recording.
Each image was partitioned into nine squares of 513×383 microns, using a grid overlay. The De Backer's score was calculated as the number of vessels crossing the grid lines divided by the total length of the lines 5 .
The median score of five assessments per examination was used for comparisons (Table 1) .
During CPFA, the number of perfused vessels increased compared with the pre-CPFA period, but decreased again after its termination (Figure 1) . The noradrenaline was ceased on day four. At day seven, the patient was weaned from mechanical ventilation still needing renal support. At day 10 the patient was transferred to the surgical ward and was discharged from hospital 30 days later, without requiring any renal support. 
DISCUSSION
CPFA is a relatively novel technique consisting in an extracorporeal circuit in which three different filters work sequentially to remove a number of septic mediators, including TNF-α and several other mediators exerting either pro-or anti-inflammatory actions: at the same time continuous renal replacement therapy is provided 6 .
Essentially, the procedure consists of three different phases. Initially, plasma is separated from the blood entering in a plasma filter. Subsequently, the removed plasma flows through a resin cartridge able to adsorb the sepsis mediators. Finally, the purified plasma returns to the blood and enters a continuous renal replacement therapy filter.
The use of CPFA in septic shock patients has been associated with haemodynamic improvement resulting in a gradual reduction of the inotropic and vasopressor support as well as with restoration of the in vitro leukocyte responsiveness to lipopolysaccharide challenge 6, 7 .
In our patient, systemic haemodynamics gradually improved during CPFA as described by others, allowing weaning from noradrenaline. At the same time, the OPS demonstrated a cyclic change of the sublingual microcirculation, which improved during the procedure but tended to return toward the baseline values after its termination.
This pattern of change of the sublingual microvascular blood flow strictly resembles what has been described by DeBacker et al 8 in a group of patients with severe sepsis treated with activated drotrecogin-α. The authors showed that an improvement of the sublingual microvascular perfusion was evident four hours after the initiation of the activated drotrecogin-α but decreased when the infusion ended. Notably, this increase was associated with a reduction of the blood lactate levels, suggesting that changes in the sublingual region could reflect ongoing systemic changes.
A relationship between the sublingual and the splanchnic perfusion has been demonstrated by In conclusion, although the monitoring of the sublingual perfusion is not recommended as a standard measure in patients with severe sepsis or septic shock 11 , it can be useful to elucidate the mechanism of action of some procedures currently used in these circumstances.
CONCLUSIONS
In a patient with septic shock, substantial improvement of the sublingual microvascular blood flow assessed by means of OPS imaging was present two hours after the initiation of the CPFA but slightly decreased after its discontinuation.
